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SECTION II.-GENERAL METEOROLOGY. 
SOME TEMPEMTUBE COBBELATIONS IN TRE UNITED 

STATES. 

By THOMAS ARTHUB BLAIR, Oheerver. 

[Dated: Weather Bureau, Salt Lake Clty, Utah, July 25,1917.1 

Ir&&h&tory .  

In recant ears many meteorologists have noted the 
existence of c E aracteristic seesaw variations in the weather 

permanent areas of high 
named “centers of action” b 
that these in turn are affecte 
circulation of the at#mosphere 

discuses such an inverse rela- 

are developed : 

tem eratures of southern California and of the southeast- 
ern PT nited States for certain months of the year. 

(2) For other months the temperatures vary inde- 
pendently. 

(3) These changes in relationship are not wholly 
seasonal, but appear to have a wavelike oscillation in 
value. 

(4) In consequence the coefficients expressing the an- 
n d  temperature correlations have intermediate values. 

(5) There is a definite daily correlation during the time 
of greatest monthly correlataon. 

Jmwuary temperature re lu thh ip8 .  
It is reasonable to ex ect that such interrelations would 

be most clearly definecfin midwinter, when the contrasts 
between land and water temperatures and between tropi- 
cal and extratropical temperatures are greatest. Accord- 
ingly in this paper the midwinter month of January is 
examined in most detail and is found to present the most 
marked relationships. 

met. mc., A ~ A  ieis, 41: m-8’  

-- 
1 mig, J .  I. Beeaaw of tem lsture between England and Egypt. Quart. Jour., Roy. 

- SAP4 I IEGO - - -. __ .IACI(BON‘JILLE 

FIGURE I.-D)apartures of the mean January temperatures from the normal, at San 
Diego, Cnl., and Jacksonville, Fla., 1850-1914. 

S m ~  Dieyo ctnd otheT cit<es.-Considering first the Janu- 
ary temperatures ilt San Diego, Cal., and Juchoiiville, 
Fla., and using averages for the years 1880 to 1915, inclu- 
sive, we be in by plottiag the departures, as shown in 
figure 1. Tiis at once reveals a negative relationship be- 
tween tho two stations. The same data are presented in 
mother form by the dot chart, figure 2. In  this figure the 
abscissae of the dots, i. e., their distances to tnhe right or 
left of the vertical line, are the cleparturm from the mean 
:It San Diego, and the ordinates, or distances above or 
below the horizontal line, are the de artures at  Jackson- 

second and fourth quadrants, represented by the equation 
y = -a, and corrcspondin to erfect negative correla- 
tion, would fit the facts fair K I ;  y we 1. Since, at any rate, a 
straight line will evidently fit the conditions better than a 
curve of higher degree, let us assume the line to be repre- 
sented b the general linear equation y = a+bz. Solv- 

equation y=0.04-1.16~, represented b the line A@ in 

tions, developed in the the0 of least squares, which will 

ville. It is ap1)nrent that a right $: agonal through the 

ing this P or the most probable values of a and b, we get the 

figure 2. The solution is by the metho (9 of normal equ* 

be briefly illustrated in Tab ‘;9 e 4, following. 
Y 

A :* 

. -\I: 
X X 

0 

S A N  DIEGO 

0 \ JAC KSONVl + LLE b F 
Fro. 2.-Dot chart of departures of the mean January tempersturn horn the normal, 

at 9on Diego abeclslure) and Jackwnville (ordinates). 
Line A-h baa eqnstlon: y-O.M-l.lB0. 
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1891 ....................... 
18w ....................... 
1883 ....................... 
la ....................... 
la35 ....................... 
1886 ....................... 
1897 ....................... 
lllos ....................... 
1 W  ....................... 
1801 ....................... 
loo0 ....................... 
loog ....................... 
1901 ....................... 
leos ....................... 
1W ....................... 

I 1907 ....................... 
1908 ....................... 
18op ....................... 
1010.. ..................... 

1809 .......................I 

This equation, with its constant term nearly e ual to 

a very definite relation between the January temperatures 
at San Diego and Jacksonville, but the most convenient 
expression of that relation is b means of a coefficient of 

relation table, familiar to readers of the REVIEW, the mean 
temperatures a t  the two stations are tabulated together 
with the departures, z and y, the squares of the departures, 
and the products of the departures. Using the equation, 

zero, and the coefficient of z nearly equal to 1, esta ?I lishes 

correlation. I n  Table 1, whic g is the usual form of cor- 

54.6 
55.1 
57.4 
49.5 
53.2 
56.6 
65.8 
50.8 
55.5 
57.8 

56.2 
a 4  
56.8 
55.7 
58.1 
54.6 
52.8 
56.0 
54.2 
52.2 

the coefficient of correlation, T, is found equal to 
- 0.707 *E,, signifying a ra,ther high degree of negative 
correlation. 
TABLE l.-Cotrelatwn o January teniperatures between San Diego and 

dckson?d.!e, 1850 to 1915. 

1.06 
0.81 
1.44 
14.44 
0.81 

10.25 

2.56 
3.24 
4.84 
1.21 
12.25 
0.00 
3.24 
5.29 
0.16 
5.76. 

I San Diego, Cal. ' /  J.whonvilIe, Fla. 

56.1 +0.7 
53.5 -1.9 
52.1 -3.3 
50.2 +3.8 
55.2 -0.2 
52.7 -2.7 

54.2 -1.2 
62.2 -3.2 
52.8 -2.6 
50.3 -5.1 
40.8 -5.6 
FA0 +0.6 
61.1 +5.7 
54.6 -0.8 
50.2 +3.8 
53.0 -2.4 

l- Mean. 
Year. 

2.56 
5.76 iaoo 

........, 2.m 1 
204.05 

........ 

1980.. .................... 
1881 ...................... lam. ..................... 
1888. ..................... 
1881. ..................... 
1w.. .................... 
1888.. .................... 
1881. ..................... 
1888.. .................... 
1888.. .................... 
1m.. .................... 

58.2 +2.8 
52.6 -2.8 
63.6 +a2 
55.2 1 -0.2 ........ 

55.4 ....... 

' F .  
52.8 
52.5 
50.3 
53.6 
58.1 
57.0 
65.8 
64.2 
51.5 
54.8 
51.0 

1911 ....................... 
1912.. ..................... 
1918.. ..................... 
1914 ....................... 

56.2 
57.0 
50.6 
66.3 

Bums.. ........................... 
Man ...................... 54.6 

-- 

-1.8 
-2.1 
-4.3 
-1.0 
+3.5 
+3.3 
+1.2 
-0.4 
-3.1 
+o. 2 
-3.6 

0.0 

+2.8 
-5.1 
-1.4 
+O. 0 
+l. 2 
-3.8 
+O. 9 +s. 2 

+l. 6 
+1.8 
+2.2 
+l. 1 
+3.5 
0.0 

-1.8 
+a. 3 
-0.4 
-2.4 

+a 5 

+l. 6 
+2.4 
-4.0 
+l. 7 
+O. 6 
....... 
....... 

- 
P 

54. ;e 
4.84 
54.76 
7. &1 
11.50 
1.88 la 81 

25.00 
6.76 
0.04 

64.00 

1.44 
5.76 
98.44 
10.24 
0.40 
3.61 
10.89 
14.44 
0.04 
7.29 

1.44 
10.24 
6.76 
26.01 
31.36 
0.36 
32.40 
0.64 
14.44 
5.76 

7.81 
7.84 
67.24 
0.04 

553.16 

...... 

...... 

lq 

.. - 

-13.32 + 4.62 
-31.82 - 2.80 
-11.00 + 4.29 - 4.02 + 2.00 
- 0.04 

0.00 - 1.20 
-17.36 
-16.32 - 0.08 - 1.71 - 3.06 
-14.44 - 0.18 

- 1.w - 5.76 - 5.72 - 5.61 
-10. Go 

0.00 
-10.26 - 1.84 - 1.52 + 5.76 
+ 4.48 - 6.72 
-32.80 - 0.34 

-237.39 

- ao6 

-2a 80 

- a&p 

....... 

....... 
-- 

zm 

I n  the same manner, and using the same 36-year series, 
correlation coefficients were calculated for various other 
cities throuGhout the United States, comparing them in 
each caae with San Die 0. These values are entered on 
the chart, figure 3, an5 the lines of equal correlation 
drawn. 

T h e  temperature values used were taken, for the most 
part, from printed copies of local annual meteorological 
summaries. I n  a few of these the mean temperatures 
w m  recorded to whole degrees only, and there is thus 
some lack of uniformity, since for the eater number of 

corded to tenths. It is to be noted, however, that an 
stations used the temperatures and f epartures are re- 

accidental errors or lack of homogeneity in the recor B s 

will numerically lower the valuea of the coefEcients rather 
than raise them. The means were computed to tenths 
of degrees oiily, but to whole degrees onl where the orig- 

pressed with complete accuracy. No correction was 
made for this error in the values of the coefEcients as 
entered on figure 3, but corrections made in a few case8 
indicate that the error is not greater than 1 in the third 

Examining the chart, we find a ine of zero correlation 
decimal place, and hence is not si 

extending from Minnesota southwestward through Ne- 
braaka and Kansas to western Texas. Valuea are posi- 
tive and increasing westward from this line to a mLximum 
of 1.00 at  the base of comparison, San Diego; but are nega- 
tive and increase numerically, eastward, to a maximum 
of over 0.7 in northern Florida. All values of the come- 
lation coefficient numericall greater than 0.5 are more 

less than one chance in 20,000 that the results are acci- 
dental. As the smaller values approach zero, there is an 
increasing probabilit that the results are due to chance 

consistenc of the results at the d' erent stations, en- 

formity with a l l  the data. (Two exce tions are to be 

record, are not consistent with adjacent values.) 
This map seems, therefore, to establish definitely the 

eKistence of a well-marked interrelation of temperature 
changes between southern California and the reeon com- 
prising the East Gulf and South Atlantic States, and ex- 
tending also into the Ohio Valley, but best developed in 
northern Florida. 

Los Angeles and other cities.-It will be observed that 
the area of evident negative correlation is greater than 
that of well-defined positive corres ondence with San 

Arizona, and that portion of California south of San Fran- 
cisco. The relation of Los Angeles to San Die o is not 

is surprisingly divergent. Knowing that a certain Janu- 
ary was warmer than the average at San Diego, we can 
assume that it was also warmer at  Winnemucca and Salt 
Lake City with greater probability than we can make the 
same assumption for San Francisco. With still greater 
probability we can assume that it was a cold January in 
all the Southern States east of the Mississi pi River. In  

and especially their independence of the San Diego record, 
Los Angeles departures were used as the basis for the com- 
putation of correlation coefficients with several of the 
southern cities. The values are given in the accom an - 
ing Table 2, together with those for December an$Feg- 
ruary. It thus a pears that the relation holds about 
equal1 well for {os Angeles and for San Diego; and 

ruary also. 

inal values were in whole de ees. 7% is introduces a 
slight error, due to the fact t Tl at the mean is.not ex- 

than six times their probab 9 e errors, and hence there is 

but this is rendered T ess likely, in the resent case, by the 

abling fair T y symmetrical lines to be drawn in close con- 

noted; the results at Boise and Miami, t \ e latter a short 

B 

Diego. The +0.5 line includes o np y Nevada, western 

quite as close as might be expected, while San I% ancisco 

order to test still further the reliability o F these results, 

thoug i more clearly exhibited in January, exists in Feb- 

at h 8  Ange ? es with stutbna in soutlrcartcnc United Statce, 1880 to 
TABLE 2.-Coe cicntr of eonre la th  of certain nuan monthly temperatwar 

1915, inelecslve. 

........ 
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ian~ary .................. 
Bwnuary ................. 
MWh.. .................. 
A 1.. ................... 
June.. ................... & ...................... 

Mean m d  tmaperature re&km. 

Having shown in some detail the character of the 
correspondence in January, it is necessary to extend the 
inquiry to other months and to the year in order to 
determine t-he nature of the relationshi whether 

fated the mean annual temperatures of San Diego and 
various other points in the United States in the saine 
manner and for the same poriod as wtis done for Janua , 
noted that the country is divided botweeu positive and 
negative correlation for the mean annual temperatures in 
about the same manner as for Jttnuary; that the positive 
cotfficients are in every case larger; but the negahve ones 
are generally smaller. Moreover, the negative coefficients 
are not so consistently distributed geo nphically with 

attain the stnn ard of safety, i. e., six times its probable 
error. The probable error for Jacksonville is f0.099, 
and for Columbus, f0.096. However, tho rmults taken 
together leave little doubt of some inverse relationship. 

Arctowski a has discussed the distribution of tempera- 
ture changes in detail for the period 1900 to 1909, using 
annual means made u of the means of every 12 consecu- 
tive months, thus m&ing a series of 109 values for the 
10 years. Using the same period and the same method 
of "successive means," I have found the following annunl 
correlations with San Diego: 

ermanent or periodic. For this purpose, I 1- ave com- 

with the results shown in the chart, figure 4. It will 7 e 

reference to m nitude, and in no case 8 om a coefficient 

Jacksonville, Fla- - - - - - - - - 0.371 f 0.054 
Columbus, Ohio- - - - - - - - - - 0.459 k0.051 
Omaha, Nebr - - - - - - - - - - - 0.204 f 0.060 
Sdt Lake City, Utah - - - - + 0.437 f 0.052 

These, while of about the same magnitude as those 
shown in figure 4, are, on account of the greater number 
of values used, well beyond the probability of chance 
results and 00- the conclusion that there is a er- 

as the January relationship. 
manent annual connection, which, however, is not so c Y ose 

the nature of t %l 's relation. Table 3 and figure 5 give the 

eastern stations Atlanta, Boston, Colum % us, and Jack- 

M'My temperature relations. 

Let us now o a step farther and examine more closely 

coefficients of correlation between San Die o and the four 

sonville, for each month separately. 

TABGE t.-Cw.&ts of correlcrtion o meun monthly temperatures at 
s t a t h  in eaatenr hnitsd States, for period 1880 to 

I 

8an @ego, 
1915, snch.mve. 

I -aw - ,460 - .Sar 

-0.l21 - .so1 - .lm 

I 
-0.508 

- 0 . w  

- .w  - .281 

-.om +.a 
MY ...................... &yt.G ............... - .as ............... 

r -am 

-am 

--.a - .514 

--.I46 +.m 
-0.m 

- -La7 

-am 

- -411 
--.la 

+.a +.om 

Boston, 
Mass. 

I 
-a 2~ 

+a 008 

- .an, - .215 

- .218 - .187 

-0.252 + .051 - .177 

+ .058 - .I36 

--a 197 

-am 

+am 

- a w  

4 3 1 7  

- .128 
- . w  

- . w  -.la 

Columbus, Jaclolon- 
Ohio. vllle,Fla. 

 om^. ................. 
Nmember ................ 
l?melllbw ................ 
year ..................... 

-am + .oiO + .w6 
-am 

man. 

T 
-0.528 - .a - .518 
- -180 
-a 11p 
+ .mi 
-a 121 

-a 368 

- .no - .I36 
+ .a4 - .m 
--Rm 

*Arcmw&I H w B  Stud of the c3mngw in tho dlatrlbutlon of tgln rature h 
E ~ q e  .sd kor th  A k r h  zuring the years 1900 to 1SoB. .Snnals, New Vork acad. 
sci., June, 1914, w: 114113. 

The lower curve of .figure 5mpresents the average values 
of the coefficients at the four stations, b montbs. An ex- 
amination of these results will lead to t % e conclusion that 

FIG. 5.-Correlations of mean month1 tern ratures at Snn Diego Cal., (1-191s) 
with those of stations in the eastern 6nIte&tates for the same pehd.  ---- Boston Mass. - . - . - . Colurn6us, Ohlo. 

I_ Atlanta, Ga. _ _ - -  Jachnvllle. Fla. * * * * Mean of the four. 

the annual correlation just provenis not, after 811, a perma- 
nent relation persisting through the ear, but is the result 

relation, or even a positive one in other months. It was 
probabl to be expected that thc summer months would 

coefficients small from April to September, inclusive, with 
u slight ositive coefficient for the average of the June re- 
s u b .  J u t  the most interestiii part of the curves is in 
October, November, and Decem % er. There is a marked in- 
crease in the negative coefficient in October followed b r i  
marked decrease to practical$ zero in November and 6e- 
cember. We are safe in statmg that there is no linear 
relation between the monthly temperatures of San Diego 
and these eastern stations in November and Deoember; 
but there is a distinct negative relation in October and also 
in January and February. There is evidence throughout 
the ear of this wavelike alternation in the values of the 

different seasons of t e year, and robably does not in any 
case coincide exactly mth  the ca endar months. 

of a large correlation in some mont %-s , combined with no, 

show n 9 ess marked connection; certainly we do find the 

P i?l coo fi! cients, but the eriod of the waves seems to vary at 

DATES 
I 2 3 4 s e 'I 0 e 10 I I  12 IS 14 18 16 17 16 ID 20 21 2.1 za 24 25 ze 27 2. 2. so m 

F 
+IO 
+5 

0 

-8 

-10 

-15 

Ra B.-Depprtures of the dail mean temperaturea in Jan 
at'Jochonullle. F11.. from d e  mpectlve normals, d - T g  %%?& 
doe. . . .  
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Departures. 

Dlego, ville, 
2 Y 

san laabon- 

--- 

There is still another lwlationshi which naturally 
suggests itsalf in this connection. 50,s the negative 
correlation which exists in the January mean tempera- 
tures appear also from day to day in the daily means? 
Figure 6 presents the daily departures from the normal 
at San Ihego and Jacksonville for the years 1911, 1912: 
1913, and 1914 and the same data appear in the dot chart 
of figure 7. $he values were computed from the daily 
m&xIlI1a and minima as published in the several issues of 
the MONTHLY WEATHER REVIEW. These curves show 
clear1 the same negative relation for corresponding days 
foun B characteristic of the months, subject, however, to 
more frequent exceptions. In  Table 4, the dail depar- 

the "line of best fit" is there indicated.3 
Similar com utations were made for 1912, 1913, ant1 

tuws for 1911 are tabulated, and the method of ca Q culating 

1914, and the P our equations derived are as follows: 
~ 1 5 . 4 1 -  0.5022 

1913, ?/= 1.31 -0.867% 
1913, 9'8.66- 0.3312 
1914, 7 ~ ~ 4 . 3 4 -  1.372 

For 1911, 

The corresponding lines are shown in figure 7. 
bining the four years into one, we get the equation, 

and the line AB, figure 7. 

Com- 

-4.32 - 0.81 52 

TABLE 4.-Departwea in January, 1911, of the dail mean tan ei-aiurus 
fron the normal at San Diego, C'al., and Jac!sonuille, &a. 

fl 

18 
4 
e 
36 
100 
100 
64 
25 
9 
0 

16 
16 
9 
4 
I 
1 

I ............................. 1911. 
JM. 1 : ......... 

2. ..................................... 

XY 

-- 
- 48 
+36 - 12 
- 9 0  
-160 - 90 
- 2 4  
+ 6  + 18 

0 - !M - Sa - 27 - 18 
+a0 
- 6  
- I8 

OF. - 4 + 2 
3. ..................................... - 3  
4... ................................... 

EZ = 67. 
(%)a = 4489. 

Sy-1134. 

ZZg = -59. 

n(E2P) = 28009. 
n(Eay) = -1829. 

ZZP = 839. 

(Zz)(Ey) =8978. 

OF. 
+12 
+l8 
+ 4  
-15 ..................................... 

6. 6.. .................................... 
7. ..................................... 
8 ...................................... 
0 ...................................... 

10.. 
11 ...................................... 
19 ...................................... 
13.. .................................... 
14.. .................................... 
15 ...................................... 
16.. .................................... 
17. ..................................... 
18.. .................................... 
19.. .................................... 
20.. .................................... 
21 ...................................... 
22. 
23 ...................................... 
24 ...................................... 
26 
26 ...................................... 
27. ..................................... 
a ...................................... 
30 ...................................... 
31 ........................__............, 
(11-31). ............................... 

.................................... 

..................................... 

...................................... 

28 ...................................... 

-10807 - 
Zy - b(EZ) 

- - - -0.502 21520 

$; 1 
+ 5  + 1  
+ 3  + 6  
0 0 

- 4  + 6  
- 4  + 8  
- 3  f 9  
- 2  + 9  + 2 +lo 
- 1  + 6  
- 2  + 9  

0 0 
0 - 2  

- 1  + 2  
+ 2  +'I 
0 + 9  

+ 4  + E  
+ 3  - 4  

0 + 3  + 1 +lo 
0 + 8  

+13 +I3 
+14 +IO 
+ 1  4 - 4  
+87 +I34 

+ 4 +14 

=- I 134+33-634 RZ 
167Ti34 5.4, 

IC -- = 
31 

y =la+ bx 
= 6 .41-0 .W 
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This result was obtained by compar' 
days at the two stations, but there is evi "8; ence co*espondin% in figure 6 
of a lag of one day at Jacksonville. A c c o r d i n g j ~ ~ ~ ~ 8  
was constructed, comparing departures at  ie o 
with those of Jacksonville on the following day, for t e 
same four years. The resulting figure is very similar, 
and the resulting equation almost identical, viz, 

11 = 4.35 - 0.829,. 

FIG. 7.-Dot ohsrt of departures from the normal. of the daily man tern rsturas at 
San Diego (abscissae) and at Jacksonville ordinates). Lines of best UEre ahown 
for each year and for the four years combineh (A-B). 

Line A-B has the equation: y-4.32-0.8151. 

It will be noted that the lines AB in fi res 7 and 8 

frequently happens in constructing such charts, and 
illustrates the unreliability of the eye in such matters. 
It is probable that the eye fails to give proper weight to 
the more distant and scattered dots. 
In these two equations and the accompanying.figures, 

the departures were obtained by using the dmly nor- 
mals given in Weather Bureau Bulletin R, instead of 
the means of the period under discussion. These latter 
are 55' for San Diego and 57O for Jacksonville, greater in 
each case than the normals given in Bulletin R. Hence 
there is a preponderance of positive departures at  both 
stations in figures 7 and 8, and the line of best fit is at 
some distance from the origin along the positme seg- 
ments of both a m s .  "his use of the normals better 
re resents the meteorological conditions, but is not 
a c f  apted to the computation of standard deviations or 
correlation coefficients. Usin the actual means of the 

do not appear to be placed properly for %;" est fit. This 

124 days' record, we obtain t % e equation, 

the following day at  Jacksonville. .r% e result of this is 

= 0.267 - 0 . 8 2 8 ~ ~  
when departures for the same days are compared; and 

when departures a t  San Diego are com ared with those of 

merely to move the lines nearer the "rip, keeping them 
practically parallel with themselves. hat is, the lines 
represented by this calculation, but not drawn, have 

y ~ 0 . 2 7 4  - 0.8162, 
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nearly the same slopes as those in Sgures 7 and 8. respec- Utah and Nevada, southern California is cold With north- 
. The coefficients of n in these equations express erly winds from the interior, and, a t  the same time this 

ing in the second case to a difference in slo >e of 0.6’, are sippi Valle with relatively low pressure, inducing onshore 

not the sanie for thc whole month, but vary from 53’ to shifting of the high ressure area eastward to the esstsrn 
55’. The correlation coefficients in these two cases are slope of the Rocky E ountains produces cold continentd 
- 0.507 and - 0.500, respectively, wliicli are more than win& in the southern States, and permits the movement 
ten times their probable errom. By actually counting of LOWS down the Pacific coast, causing warm southerly 
and comparing the individual departures for the periods and westerly \\<rids in southern California. finis in brief 
under discussion, we may exprew the relationships in per- is Wliat seems to be indicated by the rmgup8 charts. In 
centages, fo~lows: (1) The departures of the January this connection it will be remembere that HumphreysC 
mean at sari Diego and -Jachnwille &re of opposite S i p  has shown that the winter temperatures of the eastern 
Y 6  Per cent of the time. United States are intimately connected with the presence 
January, comparing the Same days, are either zero Or OF or absence of a western Atlantic high area in the vicinity 
opposite sign 77 per cent of the time. (3) ‘I’he daily of the Bermudas. When this disappears or shifts far to 
deParbm,  allowing a 1% of “ne day at *Ja(’k~Onville~ are the eastward, the eastern United States is cold on account 
either zero or of opposite sign 74 per cent of the time. -4 of colitinental win&. eastward movement a e m  

to be accompanied by 8 similar movement in the “&%ky 
Mountain EIGH,” thus contributing to the same cause, 
especially in the southeastern United States, the northern 
portion of the country being influenced by bawmetric 
chaii es that puss to the north of the high belt. Coy- 
verse&, IIumphreys also shows that the eastern coast IS 
warm in winter when there is a well-develo ed HIGH in 

same condition when the “Rocky Mountain HIGH” moves 
westward, thus again indicating a synchronous movement 
of these crests in the belt of high pressure. The perma- 
nent “Pacific HIQH,” west of southern California, should 
also be studied in this connection if data were available. 
Such shifting3 of pressure seem to be the immediate cause 
of the tern erature relationships here discussed. * * * 

Arctow&, in the study above cited, finds that there 
are persistent areas of positive and negative tern erature 
departures whose movements are correlated, a n 8  that in 
North America these displacements seem to be confined 
to the continent, so that in consequence they pendulate 
from one side to the other. that these changes 

perature changes ” and that a center exists in New Merqco, 
Arizona, and southern California “where the variation 
displays a striking preference to belong to the inverse 
type, and that, on the contrary, in Pennsylvania and 
Oregon the direct type is predominant.” T h e  results of 
the correlations heFein discussed afejn general agreement 
with these conclusions, and by arrivlng at the KSUltdJ  in a 
different way furnish confirmation thereof. 

There remains, howover, the oscillation in the valuee fairly accurate forecast of the temperature a t  JacksonviXe of the coefficielits of to be explined. 

clude, I think, that the causes which produce opposite for the same station the coefficient of with 
shown in the monthly and even in the annual means, for a time, with a between the two. me 
ably a little later, but less than 84 hours later, a t  P nck- Piew, with the important addition that the sharp sgnville. 

The intention of this paper being merely to present the reversals in relation occur a t  the same time in successive 
facts of these correlations, rather than give adequate ~ ~ ~ r s ~ i e ~ a ~ d s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  ~~~~~~~~~~~~ !t 
late tem erature changes with variations in pressure or October and in and Febma for a 36-yesr 
explanations of them, no attempt has been made to corre- 

MONTHLY wEbTHEB kEVIEW, indicates that the interior that these changes in relation are not changes with the 
winter HIQE of the western United States is the connectin 

areas. When tvhe center of the maHisfar westward, over atmospLe; in smlthronisn m l ~ .  d i . ,  %y, 1817. V. rst no. 8. 

tive17 the s opes of the lines, and the slight differences, amount- westward shifting of the HIQH leaves the middle k- 
due to the fact that a t  Jaclisonvillp the dai 1 y normals are warm win K s on the South Atlantic and Gulf coasts. A 

(2)  The daily departures durin 

the western Atlantic; the present study J scloses the 

He sa 
occur “seemingly in correlation wit r the equatorial t F -  

FIG 8 - h t  chart of de iims of the dsily mean tempemturns at San Dlego csl. (abs’eissae) with those E h e  following day at Jacksonville, Fla. (ordinates), fdr the 
years 1811 1812,18ia, 1814; and the line of best flt for the whole iollr Wrs (A-B). 

Line k B  has the eqmtlon: y=4.35--0.82!3~. 

for day he made froni the tempera- 
We n’*Y con- Clayton 6 obsemm that @e changes. are analogous to a 

series of \vaves, and that there is ail indication that even 

solar change will be ositive for a time, and then negative 
affect the tations simultaneouslyJ bdilg rob- monthly correlations here presented completely confirm 

at an Diego Otl the preceding 

chsnges Diego and 

arp t 

T solar ra 1E ‘ation. However, 3 brief e x a h a t i o n  of the 
January and February isobaric charts, 8s pubfished in the varied quite It is be noted 

Period, while in November and Decem ” have 

R,,m~,cllr srB md 0th- ea ,,, the 
link between the temperatures of these widely separate! U n l t i  States. MONT~LY WEATHEB REVIEW December 1814 4Z-S. 

0  la ton, E. Helm. EEectsof &ort-perl~d ;rsriauons inholar h t i o n o n u e d s i  
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advancing seasons, but seem to be true oscillations whose 
correspoqding hases occur a t  the same time each year. 

awd t a long and detailed analysis of the complex changes 
in the distnbution of temperat,ure and pressure over the 
globe resulting froin seasonal dianges and from changes 
in solar radiation. 

A complete exp P anation of this phenomenon will doubtless 

3-5/.578. i : c. 23.421 
BAINFALL AND GUIPPIBE.' 
By B-ED ANGOT. Director, 

Bureau Central MBthrologique de France. 
- 

[ R d W  rcpri lUldfM~ Nature, London, AW. 9,1917, W467-8.1 

M. Angot, the eminent director of the French Meteoro- 
logical Service, has made a valuable and authoritative 
contribution, published in the journal of the French 
Academy of Agriculture for May, to the literature of a 
well-worn controvemy.' The alleged connection between 
rainfall and gunfire, in favor of which so many cham- 
pions sprang up during the wet periods of 1914-1916, has 
recently lost favor as (t sub'ect for argument, owing, no 

the Allied offensive on the western front; but so short! 
is the public memory, 
that the incidence of 
summer afternoonin London, N. 
to disinter the bone of contentionfielowp. 453 Thomen- 

of great psychologxal interest: there is little doubt that? 
should we experience this summer [1917] a repetition of 
the weather of July, 1888, when snow fell in London, 
followed by a recurrence of that of Au ust, 1911, when 

phenomena would generally be attributed to the war. 
Accordingly M. Angot's paper reaches us a t  an oppor- 

tune moment. After deahng briefly with the historical 
aspeot of the question, and alludi to the work of M. 
connection between the bombardments of the Crimean 
War and the raidall of India, the United States, Nicsr 
regua, and Barbados, went on to ascribe the diurnal 
variation of the barometer to the striking of public clocks 
and the ringing of church bells-M. An ot proceeds to 

held responsible for the causation, increase, or accelera- 
tion of rainfall. 

The first proposition is that a succession of violznt. 
ex losions mght  resul! in the displacement of masses of 
co P d air at certain heights, whch, coming under the in- 
fluence of the up er winds and encountering layers of 

which would not otherwise have occurred: in this con- 
nectio~ the author points out that in order to obtain n 
rainfall of so small an order as 1 mm. (0.04 in.), even if 
one were to take two e ual masses of saturated air, the 

treme case, of course), it would be necessary to effect a 
ra id and thorough intermingling of the two throughout 
a P ayer of air 6,850 meters in thckneas. In M. Angot's 
o inion, the mixing of layers of air may be the cause of 
coudfomation P or of shght drizzle a t  the earth's sur- 
face, but can never be responsible for considerable pre- 
cipitation. 

NO. u, di7, : 6oi-m. 

doubt, to the coincidence oft il eSpringdroughtof 1917 with 

tal attitude of the public toward a theory of t L 's nature is 

the thermometer touched 100'F. at 8 reenwich, both 

Le Maou&who, not content with T aving established a 

consider the ph sical changes which coul % be effected by 
the discharge o 9 artillery, and could a t  the same time be 

warmer, saturate B air, could give rise to precipitation 

one at a temperature o ? 0' C., the other at 20' C. (an ex- 

- 
AfE"" LE om011 et k plub. CampteD w, A d .  d ' m .  (m), 

In the case of the second prop.osition-that water 
vapor resulting from chemical reaction of the explosnwa 
might take effect-it is asserted that! in order to produce 
the same amount of rainfall (1 mm.) as in the prevlous 
proposition, the employment of no fewer than 21,750 
tons of melinite square mile would be necessitated- 

on the supposition that all the hy- 
became water vapor, which con- 

its entirety and, so to speak, on 
the spot. 

In the third and last instance, the possibility of elec- 
trical action being brought into play IS consldered in 
some detail. We know that supersaturated air (i. e., 
air which contains more water vapor than i t  normally 
should be able to hold for the esisting temperature) ia a 
physical possibility, in the absence of dust particlea or 
other matter which may form nuclei for condensation. 
The necessary medium may be supplied by the action of 
ozone, of ultraviolet ra Y, by any cause, in fact, which 

(mategory may be classed the detonation of hi h explo- 

aloiie are the seat of explosive activity on a large scale, 
always harbor large numbers of both ions and dust 
particles, and can not, therefore, be subject to su er- 

tion of quantities of ions or of d-ust particles to a stratum 
of atmosphere nearly, but not quite, saturated can bring 
about remature condensation. Assuming for the mo- 

sider that no. outpouring of ions or dust particles can do 
more than accelerate a precipitation which wo+d be 
necessitated sooner or later by the rogressive cooling of 

coolin of, say, a kilogram of saturated air from 15' C. 
to 0 ' 8  is constant (rather more than 5 g r a m s ) ,  whether 
or not supersaturation may have existed at the inception 
of the temperature reductlon. 

Having thus pronounced u on the theories which have 

M. Angot goes on to consider whether in realit anything 

has been less 
inclined to observe the rules by which we endeavor to 
forecast its occurrence than before. Careful comparison 
between the daily weather maps and the observed rain- 
fall figures has convinced him that it is not. He points 
out, ver rightly, that we have been passing through a 

the run of dry years 1895-1904 (1903 and 1911 were both 
exceptions to their groups and may be said to balance 
each other)-and that excess of rain in 1915 and 1916 
might reasonably have been expected; that 1909 was 
wetter (in France) than 1915; 1910 than 1916; further- 
more, that during December, 1915, an unprecedentedly 
wet month, relative calm prevailed over the whole front, 
and that in the second 10-day period of the very wet 
February of 1916, considerably more rain fell (40 mm. 88 
against 28 mm.) than in the last 10-day period, which 
witnessed the development of the giant German bid for 
Verdun. Similar conclusions will be reached if fre- 
quency of rain instead of amount be considered: 1910 
had more rain-days than 1916; 1912 and 1913 both had 
more than 1915, when the number in France was 11 
below the avera . The author ha9 found nothing ex- 

to the firing zone has not resulted in relative y grater. 

can set up ionization o 9 the atmosphere; under tlus last 

sives, inasmuch as hi hly ionized ases result t a erefrom. 
The lower regions of  the atmosp % ere, however, whlch 

saturation; while it has yet to be shown that the a s di- 

ment t B e possibility of such a hypothesis, we must con- 

the air, since the mass of water t l p  iat results from the 

been advanced to account I or the alleged connection, 

has occurred that needs accountin for-w Tl ether the 
rainfall since the outbreak of hosti'ties f 

series o ty  wet years since 1909-a period that balances 

P ceptional in the T oca1 distribution of rainfall: roxlmity 


